The activity of ADP-ribosyltransferase in nuclei isolated from sea-urchin embryos was estimated by the incorporation of [adenosine-14C]NAD+ into the acid-insoluble fraction. Hydrolysis of this acid-insoluble product by snake venom phosphodiesterase yielded radioactive 5'-AMP and phosphoribosyl-AMP. The incorporation of [14C]-NAD+ was inhibited by 3-aminobenzamide and nicotinamide, potent inhibitors of ADP-ribosyltransferase.
It is well known that poly(ADP-ribosyl)ation is one of the modification reactions of nuclear proteins, such as histones (Nishizuka et al., 1968; Ueda et al., 1975; Burzio et al., 1979; Ogata et al., 1980) , high-mobility-group proteins (Tanuma & Johnson, 1983) and Mg2+-and Ca2+-dependent endonuclease (Yoshihara et al., 1975) . Poly(ADPribosyl)ation is catalysed by nuclear ADP-ribosyltransferase, which transfers the ADP moiety of NAD+ to acceptor proteins to form a poly(ADPribose) (Hayaishi & Ueda, 1977) . This enzyme has been detected in various organisms (Ueda et al., 1982) . Thebiological function of poly(ADP-ribose) is not completely understood at present, but many works suggest that this modification of nuclear proteins is involved in the regulation of DNA replication (Burzio & Koide, 1970) , DNA repair (Durkacz et al., 1980) and cell differentiation (Caplan et al., 1979; Farzaneh & Pearson, 1979) .
For the first step to find out the role of poly-(ADP-ribose) in sea-urchin development, we investigated some properties of ADP-ribosyltransferase in isolated nuclei from sea-urchin embryos and observed the changes in the enzyme activity during early development.
Materials and methods
Gametes were obtained from the sea-urchin Hemicentrotus pulcherrimus by an injection of 0.5 M-KCI into the body cavity. After insemination, the eggs were allowed to develop at 20°C.
Preparation of nuclei
Nuclei were isolated by the method described by Albanese et al. (1980) . Embryos were washed twice with a solution (0.1 M-sodium phosphate, pH 6.0, 0.1M-LiCl, 0.5mM-phenylmethanesulphonyl fluoride) supplemented with 24mM-EDTA. Then the embryos were washed once with the solution without EDTA, and homogenized in a Dounce homogenizer with a Teflon pestle. Triton X-100 was added (final concn. 0.2%) to the homogenate, which was then incubated for 5min at 0-2°C. Thereafter the nuclei were pelleted by centrifugation at 2600g for 10min and washed twice with the solution.
Assay of ADP-ribosyltransferase actiritY
Nuclei isolated from the 16-32-cell-stage embryos, in which the maximum activity of the enzyme was observed, were used unless indicated.
The basal reaction mixture contained, in 150MI, incubation, a 50pl portion of the reaction mixture was applied to a filter paper (Whatman 3MM).
The filter paper was washed three times with 5% (w/v) trichloroacetic acid, and analysed for 14C radioactivity by using toluene-based scintillation fluid in a liquid-scintillation spectrometer (Aloka LSC-700; Aloka Co., Tokyo, Japan). To obtain the total activity, deoxyribonuclease I (50pg/tube) was added in some cases to the reaction mixture. The activity of ADP-ribosyltransferase was expressed as 14C radioactivity incorporated into acidinsoluble fraction/20min per mg of protein or per ig of DNA in the nuclei. The other reaction conditions are indicated in the Figure legends.
Identification ofpoly(ADP-ribose)
To 150p1 of the reaction mixture obtained as mentioned above, an equal volume of 20% trichloroacetic acid was added after incubation for 20min at 18°C, and acid-insoluble material was collected by centrifugation at 8000g for 5 min. The pellet was washed twice with 10% trichloroacetic acid and twice with ethanol. The washed pellet was suspended in 200,p of 50mM-Tris/HCl, pH6.8, containing 20mM-MgCl2 and 50jg of snake venom phosphodiesterase, and was incubated at 37°C for 60min. The reaction was stopped by adding 200,ul of 10% trichloroacetic acid. After centrifugation at lOOOOg for 5 min, the supernatant was analysed by paper chromatography as described by Shima et al. (1969) .
The acid-insoluble material, obtained by incubation of nuclei with [I 4C]NAD+, was also suspended in l00 pl of 0.1 M-HCI or 0.1 M-Tris/glycine buffer, pH 10.5, and incubated at 37°C for 60min. The acid-insoluble material thus treated was applied to a filter paper, then washed three times with 5% trichloroacetic acid and analysed for 14C radioactivity. Figs. 2 and 3 respectively show the effects of temperature and pH on ADP-ribosyltransferase activity. The activity was maximum at 18°C and was close to zero at temperatures higher than 30°C. The activity was low at pH values below 7 and above 8.5. The maximum activity was obtained at pH7.5. Fig. 3 shows a typical example from four experiments. In all cases, the highest activity was obtained at pH 7.5. As shown in Fig. 3 , the activity is slightly lower at pH7.8 than at pH7.5 and at pH 8.0. Similar results were obtained in all four experiments. In the present study, however, significantly low activity at pH 7.8 was not reproducibly obtained. was tentatively designated as 7.5. As shown in Fig.  4 , the enzyme in the isolated nuclei from sea-urchin embryos exhibited maximum activity in the presence of 14mM-MgCl2. The requirement of Mg2+ for the ADP-ribosyltransferase reaction is known in other cell types (Nishizuka et al., 1967; Brightwell et al., 1975) . Fig. 5 shows double-reciprocal relationships between NAD+ concentration and ADP-ribosyltransferase activity. The apparent Km(NAD+) was 25 ,UM. At NAD+ concentrations higher than 0.125 mm, substrate activation occurred.
On the basis of these observations, the reaction was carried out in the present study at 18°C for 20min in 50mM-Tris/HCl, pH7.5, containing 14mM-MgCl2, 0.5mM-dithiothreitol and 0.5mM-
NAD+.
As shown in Fig. 6 , the incorporation of
[14C]NAD+ into nuclei was inhibited by 3-aminobenzamide and nicotinamide, which are powerful inhibitors of ADP-ribosyltransferase (Purnell & Whish, 1980 ). AMP and phosphoribosyl-AMP on treatment with snake venom phosphodiesterase. It has been demonstrated that poly(ADP-ribose) is digested by snake venom phosphodiesterase to produce 5'-AMP and phosphoribosyl-AMP Hasegawa et al., 1967) . This radioactive material formed in the isolated nuclei was also resistant to acid hydrolysis and was split by alkaline hydrolysis. Alkaline hydrolysis has been known to split poly(ADP-ribose) from proteins (Adamietz et al., 1978; Riquelme et al., 1979) . Thus the production of radioactive material in the isolated nuclei from sea-urchin embryos is concluded to be due to the reaction catalysed by ADP-ribosyltransferase. Additionally it was ob-40 50
served that 3-aminobenzamide and nicotinamide inhibited the incorporation of[14C]NAD+ into the e total ADPnuclei. This also supports the conclusion menvelopment tioned above.
) activities
The optimum temperature for the enzyme terials and activity of sea-urchin embryos was somewhat 3,ure is the bre iStho lower than those in other cell types (Burzio & deoxyriboKoide, 1970; Stone & Shall, 1973; Farzaneh & e reaction Pearson, 1979; Okolie & Onyezili, 1983) (Romer et al., 1968) , 0.85mM he middlefor rat liver nuclei (Clark et al., 1971 ) and 1.5mM for mouse fibroblast (LS-cell) nuclei (Stone & Shall, 1973) . The value obtained in the nuclei of sea-urchin embryos is similar to the Km value of reated with 23 UM obtained for the purified enzyme from pig h the report thymus (Tsopanakis et al., 1978) . The substrate stimulation activation of the enzyme in isolated nuclei from n (Berger et sea-urchin embryos was also observed, as for the il and total purified enzyme (Ito et al., 1979 The activity per nucleus at the blastula stage (8 h after fertilization) was markedly higher than at the mesenchyme blastula stage (16h after fertilization), but was lower than that at the 16-32-cell stage. The activity seems to decrease gradually during this period of development. During the period between the 16-32-cell stage and the blastula stage, cell number increases exponentially, to about 700 cells/embryo at the blastula stage (Niikura et al., 1984) . Hence the activity of the enzyme per embryo was enhanced, although slightly. On the contrary, the activity per embryo as well as per nucleus probably decreased during the period of development between the blastula and the mesenchyme blastula stage, where the cell number in an embryo increases at quite a low rate. The high activity of the enzyme seems to be maintained during the developmental period where cell proliferation occurs. But it is not clear whether or not poly(ADP-ribosyl)ation is involved in cell proliferation in the present study.
In the embryos at the onset of gastrulation (18 h after fertilization), as well as those at the middlegastrula stage (24h after fertilization), the activity was considerably higher than in the embryos at the mesenchyme blastula stage. After the onset of gastrulation, differentiation of endodermal, mesodermal and ectodermal cells occurs. The modification of nuclear proteins by the ADP-ribosyltransferase seems to support cell differentiation in the sea-urchin embryos, as well as in other cell types (Caplan et al., 1979; Farzaneh & Pearson, 1979) . Also at the 16-32-cell stage, differentiation of mesoderm has been demonstrated to occur in the embryos (Okazaki, 1975) . The high activity of this enzyme at this stage may also cause poly(ADPribosyl)ation of the nuclear proteins to contribute to cell differentiation.
